Previous studies comparing holistic scoring to analytic scoring of second language writing have given mixed results. Some of them suffer from methodological drawbacks, such as limited writing sample size, limited number of raters, and lack of direct comparison of the two methods. Based on 300 writing samples graded by 14 raters, this research continues the comparison of the two scoring methods in two ways: examine rater reliability for each method and investigate the discrepancy of the scores assigned by them. Results show while rater reliability is quite high and similar for the two methods when a large number of raters are used, the scores assigned can be quite different. Specifically, students with lower writing proficiency tend to receive higher scores under analytic scoring while students with higher proficiency score higher under holistic scoring.
In language testing, the debate between holistic and analytic scoring of writing tasks has been long and well-documented. The focus of the debate is on which method is able to provide more valid and reliable scores in measuring writing skills. The proponents of the holistic approach have suggested that writing be scored impressionistically and a holistic reading of an essay should involve reading for an individual impression of the quality of the writing (e.g. Cooper and Odell 1977) . According to this approach, the construct of writing should be treated as a single entity that integrates the inherent quality of writing and that quality can be recognized only by experienced readers using skilled impression (White 1984) . When raters are well trained, the reliability by holistic scoring can be very high (Cooper and Odell 1977) .
On the other hand, previous research has also demonstrated that applying the same criteria in holistic scoring is not an easy task by multiple raters, hence, the application of the holistic scoring is likely to engender unreliable ratings (Diederich et al. 1961) . Holistic scores have also been shown to correlate with relatively superficial characteristics of writing, such as text length and handwriting style (Fulcher 1997; Markham 1976) . To increase rater reliability, a scoring rubric should be written clearly so that different raters will be able to use the same qualities inherent to the text in assigning their scores (Diederich et al. 1961 ). This last statement actually puts holistic scoring more in line with analytic scoring.
In theory, analytic scoring is less susceptible to rater deviance. This method quantifies multiple aspects of a task and scores them separately. For writing, features such as content, organization, cohesion, vocabulary, grammar, and mechanics are often meaningful and thus scored. Many researchers believe (e.g., Klein et al. 1998 ) that analytic scoring provides a more objective assessment of writing quality than the holistic method. In addition, as scores on multiple aspects of writing are assigned, analytic scoring can give more diagnostic information to second language learners, who usually have an uneven profile across different aspects of writing (Hamp-Lyons 1991; Johnson and HampLyons 1995) . On the other hand, research has also revealed the disadvantages in analytic scoring. Underhill (1987) has shown that it is almost impossible for a rater to keep track of more than three features simultaneously. Consequently, raters usually focus on one feature at a time. This repetitive work can lead to mental fatigue in scoring. Holistic scoring, on the other hand, tends to alleviate these cognitive burdens (Douglas and Smith 1997) . Bauer (1981) showed that analytic scoring takes twice as long to train raters and four times as long to grade than holistic scoring.
How these two methods compare has been investigated extensively. Overall, findings have been mixed. While some studies found high correlation (e.g., Bauer 1981; Vacc 1989) or high level of similarity between these two methods (e.g., Bacha 2001), other studies have given advantage to one or the other (e.g., Veal and Hudson 1983; Swartz et al. 1999; Nakamura 2002; Schoonen 2005) . Many studies on this topic use correlation to evaluate rater reliability. As correlation by nature reflects the relative ranking of subjects on two measures, findings from those studies can only be applied to the so-called relative decision making or norm-referenced score interpretation. In reality, important decisions are often made based on the absolute value of individual scores. In writing, determining whether a student can write or not is as important as, if not more than judging whether a student can write better than his or her peers. Another limitation in previous studies is that a rating scale is not clearly defined or consistently used. In some cases, writing sample size and number of raters are both small. This study investigates the scoring reliability by using the generalizability theory analysis (G theory) (Shavelson and Webb 1991) . The advantages of using the G theory to assess rater reliability have been clearly explained in Swartz et al. (1999) and Zhang et al. (2008) . In essence, G theory empowers researchers to decompose the measurement error in a study into multiple meaningful components, which in turn, can be incorporated into the decision making process. In grading writing tasks, one major factor (known as facet in the G theory terminology) is rater effect. Rater effect indicates the variability in scores due to raters. For instance, some raters are stricter in their ratings than others. Facets can be crossed or nested in a G-study. If all raters grade all writings, the rater facet will be crossed with the person facet. On the other hand, if different raters grade different persons, the person effect will be nested within the rater effect. Swartz et al. (1999) evaluated the scoring reliability in assessing writing for the first language. It demonstrated a lack of reliability in both holistic and analytic scorings in many conditions when .9 was set as the criterion for acceptable high level of reliability. Akin to the Swartz et al. (1999) , G-theory is applied in the current study. Unlike that study, this study focuses on second language writing. Specifically, the study aims to provide a clear picture of how scores under the holistic and analytic methods compare by using a large writing sample and a large number of raters. The comparison will be conducted in two ways. First, scores under each scoring method will be compared to determine whether raters are able to provide similar scores for each sample. Second, scores will be compared across the two methods to see whether similar scores are assigned to each subject under two different scoring methods. Formally, the following three research questions will be addressed:
1. How does rater reliability under holistic and analytic scoring compare in grading second language writing? 2. Under analytic scoring, is rater reliability similar across different writing components? 3. Do students receive similar scores under holistic and analytic scoring methods?
Method

Design
This study used a fully crossed design. As illustrated in Figure 1 , the rater facet is crossed with the person facet. In practice, this indicates that each rater grades each person twice, once by the holistic method and the second time by the analytic. Using the G-theory terminology, the variance components under this design are: persons ( σ 2 p ), raters (σ 2 r ), and person by rater interaction which is inseparable from the residual error (σ 2 pr;e ). The total score variance is decomposed into three components, or
The higher the proportion of the total variance accounted for by the person variance, the higher the reliability. In other words, the writing score will be reliable if score difference reflects the difference in writing skills of students rather than the difference of how each rater has graded. The generalizability coefficient (Ερ 2 ) addresses the relative error in making decisions.
It is computed as:
where σ 2 rel is the relative error; n r is the number of raters, and other terms share the same meaning as in Equation 1. Meanwhile, the index of dependability (ϕ) (Brennan & Kane, 1977) measures the consistency in making an absolute decision, which focuses on the absolute writing level of an individual with no reference to other students. The index of dependability is expressed as:
where σ 2 abs is absolute error and all other terms have been defined above.
Samples and raters
The task was a writing task from a college English placement test for the incoming freshmen in a major Chinese university. Altogether over 5,000 students were tested and their writing was graded by professors and instructors in the English teaching program. For this project, 300 writing samples were selected from that large group by stratified sampling. Specifically, for each level from 1 to 10, 30 samples were selected. These samples were then rated by 14 raters using the two grading methods. The raters were graduate students in a three-year language testing program. The length of their time in the program is as follows: 3 in the third year, 4 in the second year, and 7 in the first year. All raters had English teaching experience. They also had participated in at least two writing grading projects in the past.
Scoring
Rating scales were developed with reference to the Centre for Canadian Language Benchmarks (2000). The scales were composed of 11 levels. The following five components were scored: task, grammar, mechanics, vocabulary, and structure. Under the holistic scale, raters simultaneously took all these five components into consideration and assigned each student to one level. Under the analytic scoring scale, raters scored each component first and then added the scores up to derive an overall level. As very few students scored 11, they were not part of the sample.
The following steps were taken in rater training. Raters first studied the two scoring rubrics. They were then given 10 anchor samples to grade. After that, they compared their ratings to the actual level of each sample. Finally, they discussed their ratings as a group. Scoring of all 300 samples took one and half days under holistic scoring and another eight and half days under analytic scoring. To reduce fatigue and possible memory effect, there was a five-day break between the holistic and analytic grading periods.
Results
Results will be presented in the order of the above three research questions. Recall that the first question is on rater reliability. Table 1 presents variance components under the two scoring methods.
As shown in the table, under both holistic and analytic scoring frames, person facet, or student writing level, accounted for the largest variance in the writing scores. Rater variance was small and similar across the two methods, accounting for less than 5% of the total variance. The magnitude of the error variance was also similar for the two methods.
Next, the reliability for the absolute and relative decisions is presented in Table 2 . Under the G-theory framework, one may not only examine the reliability under the current design (i.e., 14 raters grading 300 samples), reliability in other interesting conditions may also be predicted once the variance component for each facet is estimated. Thus in the table, the reliability for the typical conditions in writing assessment are presented along with the current condition.
In general, the analytic holistic scoring enjoyed a slim .01 to .04 edge over the holistic way. Reliability for the relative decision was slightly higher (.01 to .03) than that for the absolute decision, as expected. In one of the most common conditions where each classroom teacher (i.e., one rater) grades each student writing, reliability would be in the .8 range, which should be acceptable given that teachers usually give multiple assessments throughout a semester or writing is usually part of a language test. But using the standard of .9 set in Swartz et al. (1999) for high-stake decisions, such as the placement test in the current study, two raters would be required for grading each student.
The second research question asks whether rating by the components in the analytic scoring is equally reliable. As shown in Table 3 , rater reliability was lower for the component scores than that for the overall level. Using the .9 cut-off value would require 4 raters being used. On the other hand, the reliability difference among these components was quite small. Note that for both relative and absolute decisions, the "structure" component had the lowest rating reliability.
The final research question is on the discrepancy of scores assigned by the two methods. The overall distribution of the two scores looked quite similar: for holistic scoring: M = 5.03 and SD = 1.79; for analytic scoring: M = 5.01 and SD = 1.74. A paired t-test showed no significant difference between them, t(299) = 0.15, p=.88. However, the analysis of the difference score between the holistic and analytical scores painted a different picture, as illustrated in Figure 2 . The difference score in the graph is computed by simply subtracting the analytic score from the holistic score, thus a value of 1 in the graph indicates that the rating by the holistic method is one level higher than that by the analytic method. When the group of 300 subjects was taken as a whole, the distribution of the difference score was approximately normal, indicating there was about equal number of higher ratings and lower ratings under each method. Next, to address such practical questions as "what percentage of ratings is different by 1 level under these two methods?" the differences in the above figure were aggregated regardless of the direction of difference. Out of the 4,200 pairs (300 samples graded by 14 raters), 21.7% had perfect agreement. If one point deviation was tolerated, the agreement level rose to 54.8%. If two points deviation was allowed, the agreement increased further to 74.7%. However, 12.6% pairs were off by more than 3 levels and 1.7% or 71 pairs were off by more than 5 levels, which would be unacceptable in any situation.
Finally, how the two scoring methods affect students with different writing levels was studied. In Figure 3 , values on the horizontal axis are the original values assigned by professors or lead instructors, thus treated as a proxy to the actual level of each student's writing level. Values on the vertical axis were the difference between the holistic and analytic scores, which shares the same meaning as in Figure 2 . Interestingly, there is a clear pattern. For students with low writing levels (i.e., levels 1, 2, and 3), on average, their holistic scores were one to two levels lower than their analytic scores. For example, for level 1, the average holistic score was 2.33 levels lower. For students with medium writing levels (i.e., levels 4, 5, and 6), the difference between the two methods was less than one level. Take level 5 as an example. The average difference was 0. In other words, on average, the two methods were able to provide exactly the same score for these students. For students with relatively high writing levels (i.e., 7, 8, 9 and 10), their holistic scores were higher by one to one and a half levels. This is the condition in the present study. Note. The last row with 14 raters shows the results for the condition in the present study
Discussion
This study was set up to investigate rater performance under holistic and analytic scorings by using a large number of writing samples and a large number of raters. Findings from this study support the notion that high rater reliability can be achieved under each method. On the other hand, this study also reveals that scores assigned under the two methods can be very different. For everyday classroom instruction, using one rater would give the rater reliability around .8 by either method, which should be high enough, given that writing is usually part of an overall language proficiency assessment that includes other components such as reading and grammar. However, achieving this high reliability by one rater requires raters being well trained. Recall that raters in this study were trained in language testing, studied the scoring rubrics carefully, and graded pilot samples before conducting the actual grading. In other words, these raters understood second language writing, knew what to focus on in their grading, and were calibrated by pilot samples. If any of these components is missing, reliability is likely to suffer and more raters may be necessary.
In analytic scoring, rating by components shows lower reliability than that by the overall level. This may be due to the fact that while it is not hard to judge the overall writing level, to decide a specific level (e.g. a 4 instead of a 5) for one component of the writing is more challenging. Still, rater reliability is satisfactory, which implies that component scores may be provided to describe the strengths and weaknesses in writing. Actually, that is the major advantage of analytic grading: to give more specific feedback so that students can improve their writing more effectively.
This study also reveals inconsistency in grading L2 writing under holistic and analytic methods. Scores assigned to individual students by these methods can be very different, which certainly is problematic. Moreover, that difference varies by writing level. While the current study is not able to explain this difference, one possible reason is while writing from lower level students may look pretty bad when graded as a whole, some components may look decent when graded separately under analytic scoring. On the other hand, writings from higher level students may look decent as a whole but under the microscope of analytic scoring, they may show deficiency in some components, resulting in lower scores under analytic scoring.
It is not the purpose of this study to ascertain whether holistic or analytic method should be preferred in grading L2 writing. Rather, the goal was to provide more information on how these two methods resemble or differ so that practitioners can benefit most in using either of them. With regard to which method one should use, in addition to rater reliability and score discrepancy as investigated in this study, one would also have to take into many other factors, such as the purpose of testing, rater qualification and availability, time, and cost. Take time as an example, holistic scoring of the 300 samples took 1.5 days whereas analytic scoring took 8.5 days. That difference would give a definitive edge to holistic scoring in situations when time is tight or prompt score reporting is required.
One limitation of this study lies in the representativeness of the sample. While the sample size is relatively large, as all subjects were college freshmen from one university, the sample reflects quite homogeneous writing skills. On indication of that is that no sample was selected from the highest level of writing, resulting in a possible overrepresentation of the lower levels of writing. As this study actually shows that holistic scoring tends to give more credit to higher levels, future research with more students at the high end would provide more evidence on this issue. Another direction for future research is to explore ways to combine the holistic and analytic scores into a mixed score, which will outperform both of them.
